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The H.J. McSkimin pulse superposition (PSP) 
method of determining ultrasonic wave ve-
locities in materials such as single crystals 
under pressure and temperature variations 
is developed and analyzed critically. This 
method, which takes into account the trans-
ducer coupling effect, greatly increased the 
range of measurement of accurate ultrason-
ic wave velocities. [The SCI® indicates that 
this paper has been cited over 140 times 
since 1962.] 
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October 20, 1981 
"This paper helps explain the details re-

quired to use the McSkimin PSP method1 for 
measuring ultrasonic wave velocities in 
solids. McSkimin's 1961 paper on PSP 
showed how precision measurements of ul-
trasonic wave velocities could be deter-
mined to one part in 500 for round trip 
delays greater than five µsec. A subsequent 
paper2 described methods of automatic fre-
quency control with precisions better than 
one part in 106. 

"PSP is useful for measuring absolute 
velocities of small specimens, in particular, 
single crystals. Calculations were made for a 
range of characteristic impedances which 
are likely to be encountered when measur-
ing wave velocities in solids. The results 
shown in graphical form are helpful in ap-
plying the method to any material under 
test. 

"The PSP method to obtain values of 
plane wave transit time in the presence of 
effects such as those produced by diffrac-
tion and coupling of the transducer to the 
specimen made possible the accurate deter-
mination of sound velocity and elastic prop-
erties. A chief motivation for the develop- 

ment of the method was to determine the 
small changes due to variations of pressure 
and temperature. This method allows one to 
separate the changes in transit time in the 
specimen itself from changes in transducer 
coupling and diffraction. 

"Necessity may be the mother of inven-
tion but frequently implementation waits on 
technology. The first application of the PSP 
method for measuring ultrasonic wave ve-
locities in solids was in determining delays 
of approximately one msec in wedge and 
polygon ultrasonic delay lines (1951). This 
technique was extended to delays of 100 
µsec by 1954. However, it was not until the 
development of gas tubes that were capable 
of cyclical rates in excess of 400 KHz that 
the PSP technique could be seriously con-
sidered for small samples, and so another in-
stant breakthrough spread over two decades 
of hard work. 

"One reason this paper has been highly 
cited is that it was the most precise method 
available to measure ultrasonic wave veloc-
ities of single-crystal specimens. No method 
with this accuracy was available around 
1960 and the equipment needed, such as the 
rf pulse generators, was not commercially 
available. Most of the equipment was devel-
oped by Thomas Bateman and McSkimin at 
Bell Laboratories, as were the methods of at-
taching the quartz-transducer to the speci-
mens. More recent work has been reported 
in Physical Acoustics: Principles and 
Methods.3,4 

"On November 28, 1979, McSkimin re-
ceived the Silver Medal in Physical Acous-
tics for contributions to science and engi-
neering through research in physical 
acoustics. One item mentioned in the award 
was the 'McSkimin pulse superposition 
technique' for measuring sound velocity 
and elastic properties in many single-crystal 
materials." [Herbert J. McSkimin died on 
February 20, 1981] 
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